Abstract -The objective of this work was to evaluate the soil physical and biological properties in an integrated crop-livestock system (ICLS), with or without cattle grazing, in different seasons. The experiment was carried out in the Cerrado biome, in Brazil, in a Rhodic Eutrudox. The treatments consisted of grazing areas (Urochloa ruziziensis) at 0.25, 0.35, and 0.45 m heights (with soybean cultivation after grazing) and of nongrazed areas. The ICLS had no negative effects on soil bulk density, total porosity, macroporosity, and microporosity. After ICLS implementation, the values of soil bulk density decreased, and those of soil macroporosity increased, in the grazed and nongrazed areas. However, after three years, bulk density and macroporosity were reestablished to values similar to those before ICLS implementation. Soil penetration resistance was higher in the ICLS, mainly at 0.00-0.05 m soil depth. After four years, ICLS promoted the increase of microbial biomass C and N and the reduction of the metabolic quotient. The microbial biomass carbon and the metabolic quotient were related to the weighted mean diameter. ICLS benefits to soil physical and biological properties are associated with adequate ICLS implementation, adequate grazing height (0.35 m), and maintenance of soil cover.
Introduction
Different systems of soil management directly impact the Brazilian Cerrado agriculture. The conventional system of agricultural management (plowing and harrowing) and the low-plant diversity are the primary factors that have contributed to soil quality reduction. Moreover, extensive agricultural crop systems with low technological investment have led to soil degradation in livestock areas.
The main consequences of the intensive soil exploitation are the increase of soil compaction and erosion, and the reduction of soil organic matter (Landers et al., 2013) , which are aggravated by the absence of fertilization and liming of forage and grain-crop areas (Lima et al., 2011) . These factors, over the years, have reduced the yield capacity, increasing the production costs and, consequently, reduced the profitability of rural properties (Freitas & Landers, 2014) .
The introduction of grain crops with acidity correction and fertilization in no-tillage systems (NTS) has been confirmed to be an efficient alternative to improve soil quality. The NTS reduces soil mobilization and maintain the soil covered for the whole year. This fact increases the soil organic C content, which is important for improving soil physical, chemical, and biological properties (Corbeels et al., 2016) . However, the NTS has been shown to be ineffective in maintaining crop rotation due to the higher economic profitability of soybean and maize crops, which, together with the intense use of machinery, restarted soil degradation (Landers et al., 2013; Freitas & Landers, 2014) .
At the beginning of the 1990s, the evolution of the NTS reactivated the integration of annual cropping with livestock production (Freitas & Landers, 2014) . From that time onwards the integrated crop-livestock system (ICLS) was boosted in Brazil (Carvalho et al., 2014) . ICLS is defined as a system that aims at achieving synergism and emergent properties resulting from soil-plant-animal-atmosphere interactions of areas that integrate animal and crop exploitation (Moraes et al., 2014a) , differing from NTS by animal grazing. Therefore, the improvement of soil quality in ICLS depends, particularly, on the adequate management of animals. This fact was reported by Martins et al. (2015) in Southern Brazil, where intense grazing at 0.10 m height resulted in the degradation of the soil physical, chemical, and biological properties. The same fact was not observed for moderate grazing, with grazing height between 0.2 and 0.3 m. The correct management of grazing height can increase soil macroporosity and total porosity (Bonetti et al., 2015) , soil aggregation, soil aggregate stability (Loss et al., 2011) , and biological diversity (Franzluebbers & Stuedemann, 2015) .
The benefits of ICLS are linked to the increase of the soil organic matter by the incorporation of plant biomass (shoot and roots) and animal residues (Franzluebbers & Stuedemann, 2015) . This fact is evident in systems that use brachiaria due to the high-biomass production, which can reach more than 15 Mg ha -1 (shoots and roots) with 0.35 m grazing height, consequently increasing soil aggregation (Loss et al., 2011; Bonetti et al., 2015) . The addition of organic matter and the increase of soil aggregation in moderate grazing systems also influence the microbial biomass carbon, according to Souza et al. (2010b) , who reported that 0.2 m grazing height maintained the soil biological quality, whereas a 0.1 m grazing height decreased it, in a study in Southern Brazil. This result is due to the increase of microorganisms in the soil in ICLS, where feces and urine of the animals serve as readily-available, highly-nutritious food (Clegg, 2006) , which is important for soil aggregation and protection of the organic matter within the macroaggregates against the attack of microorganisms.
In this sense, studies should be developed to understand the effects of ICLS using different grazing heights, especially those converted from degraded areas, as the reduced (or moderate) grazing of Urochloa ruziziensis in the Cerrado biome is not considered as negatively affecting the physical and biological properties of the soil. In fact, it may contribute to recover degraded areas over the years.
The objective of this work was to evaluate the physical and biological properties of a Rhodic Eutrudox in an integrated crop-livestock system, with or without cattle grazing, at different seasons.
Materials and Methods
The work was carried out in the experimental area of the Universidade Federal de Goiás, in the municipality of Jataí, in the state of Goiás, Brazil (17°56'57"S, 51°43'18"W). The climate of the region is classified as type Aw (Köppen-Geiger), with rainy summer (October-April) and dry winter (MaySeptember). The annual average precipitation is 1,600 mm, and the average air temperature is 22 °C. The soil is classified as a Latossolo Vermelho distroférrico típico (Santos et al., 2013a) dolomitic limestone, with 80% PRNT to raise the base saturation to 60%, which was incorporated to the soil with one plowing and two harrowings to implement the integrated crop-livestock system (ICLS) that began to be conducted as NTS.
In the summer of each season (years 2008/2009, 2009/2010, 2010/2011, and 2011/2012) ; PRNT of 80% was reapplied in the total area, on the surface, without incorporation.
The soil management systems consisted of: ICLS with 0.25 m grazing height; ICLS with 0.35 m grazing height, predefined as the adequate grazing height for soil physical properties (Bonetti et al., 2015) ; ICLS with 0.45 m grazing height; and nongrazed area (NG), with brachiaria as cover crop. Each experimental plot had a 2.0 ha area, in a randomized block design in a splitplot arrangement, considering the treatments as the main plot, and the seasons as the split plots, with three replicates. The winter grazing height was controlled by the entry and exit of animals, and it was monitored every 14 days with a sward stick (Jenquip, model SS400M, Auckland, New Zealand), based on the methodology of Barthram (1985) , with the determination of 50 points per plot. Grazing was performed by female cattle with an average of 450 kg live weight, beginning in July of each year, when forage reached 4,000 kg ha -1 mean accumulation of dry matter and had been grazed for approximately 120 days.
Soil bulk density, total porosity, macroporosity, and microporosity were determined by soil samples with preserved structure, collected at four different seasons, as follows: before soil mobilization and experiment implementation, ), with five replicates per plot. Soil bulk density was determined by the relation between the dry soil and the total volume of the collected soil. Soil macroporosity was determined in a tension table at -6 kPa (Donagema et al., 2011) .
Trenches were dug to determine the aggregate stability, and 0.1 m wide intact samples were collected at 0-0.05, 0.05-0.1, and 0.1-0.2 m soil depth, in the post-brachiaria cultivation year of 2010/2011, postsoybean cultivation year 2011/2012, and post-brachiaria cultivation year 2011/2012, respectively. Samples were wrapped in PVC film and transported in styrofoam boxes to prevent alterations in their structure. Afterward, the samples were broken, respecting the weakness points (approximately 9 mm), then they were air dried, and the wet aggregation was determined (Tisdall et al., 1978; Silva & Mielniczuk, 1997) . After wet sieving, the classes of aggregates were obtained (>4.76, 4.76-2.0, 2.0-1.0, 1.0-0.5, 0.5-0.25, and <0.25 mm). From these data, the weighted mean diameter (WMD) was determined according to the following equation:
in which: wi is the proportion (%) of each class in relation to the total; and xi is the mean diameter of the respective classes (mm). The soil penetration resistance (PR) was determined in the following cultivations: post-brachiaria cultivation year 2010/2011; post-soybean cultivation year 2011/2012; and post-brachiaria cultivation year 2011/2012. Data were collected using a digital penetrometer (Falker, model PLG1020, Porto Alegre, RS, Brazil), with a 30° angle cone, and a 130 mm 2 base area, according to the ASAE S313.3 standard (Asabe, 2010) . A total of 66 points were measured in each grazed and nongrazed treatment (0-0.05, 0.05-0.1, and 0.1-0.2 m soil depths), and soil volumetric moisture was determined (Donagema et al., 2011) .
To evaluate the effects of management systems on soil biology, the soil samples were collected in 2012 (post-brachiaria cultivation year 2011/2012) at 0-0.1 m soil depth. Soil respiration was determined by the capture of CO 2 using NaOH after soil incubation for 72 hours (Alef & Nanninpieri, 1995) . The microbial biomass carbon was determined by the fumigationextraction technique, proposed by Vance et al. (1987) , and the microbial biomass nitrogen was determined by the method of Brookes (1995) . The metabolic quotient was expressed by the relation of soil respiration and microbial biomass C (Anderson & Domsch, 1993) , and the microbial quotient was expressed by the ratio of the microbial biomass C and the total organic C (Brookes, 1995) .
Data for soil bulk density, total porosity, macroporosity, microporosity, penetration resistance, and aggregation were subjected to the analysis of variance, comparing the ICLS (0.35 m grazing height) with the nongrazed areas (using brachiaria as cover crop) between and within the evaluated season. When the analysis was significant, the Tukey's test was applied at 5% probability. The microbiological properties were compared between the ICLS treatments with grazing heights (0.25, 0.35, and 0.45 m ) and the nongrazed area. The use of different grazing heights for the biological properties occurred due to the lack of knowledge on which grazing height would be appropriate. The following statistical model was used: 
o or c i j k ( , , ), in which: B represents the blocks (i = 1, 2, 3); A represents the seasons (j = 1, 2, 3, 4); and C is the grazing height (k = 1, 2, 3). A cluster analysis was performed using the complete linkage method, from the Euclidean distance, to describe the similarity between the studied systems, using the PAST statistical software (Hammer et al., 2001) . , with no difference between treatments and season. Soil bulk density (BD) had alterations up to 0.1 m soil depth between the evaluated seasons, and had no alterations in the comparison between the ICLS treatment with 0.35 m grazing height and the nongrazed area (with brachiaria as cover crop) ( Table 1 ). The BD values were higher at the beginning of the study in 2008, with a reduction after soil mobilization and cultivation in the year 2010/2011. However, the cultivation increased the BD, and after the grazing cycle in the year 2011/2012, BD values were similar to those observed at the beginning of the experiment.
Results and Discussion
After the soil mobilization, a natural rearrangement of the particles and microaggregates occurred, altering the soil structure. This process was favored by plant biomass on the soil and brachiaria roots that dissipated the pressure imposed by the machinery and animal hooves (Martins et al., 2015) . This fact suggests that the soil structure was properly reorganized, and was it not affected by the compaction of the tires and animal Table 1 . Soil bulk density and macroporosity in different seasons, in an integrated crop-livestock system (ICLS) and in a nongrazed area (NG) in the Cerrado biome 
(1) Means followed by equal letters, lowercase in the rows and uppercase in the columns, do not differ by the Tukey's test, at 5% probability. . This value may affect plant development (Bengough et al., 2011) and may be the result of inadequate soil exploitation, with low-forage yield and high-animal load. However, macroporosity increased after soil mobilization and brachiaria cultivation (year 2010/2011) ( Table 1) . When comparing the management systems (with, or without grazing) within each season, soil macroporosity was higher in the grazed area after brachiaria cultivation (year 2010/2011), in the 0.1-0.2 m layer, than in the nongrazed one. This result is related to the greater root development up to 0.2 m depth, both by soybean and brachiaria in grazed areas. Grazing stimulates tillering and provides a greater development of the root system (Souza et al., 2010a; Santos et al., 2013b) . This fact leads to a greater release of root exudates, which associated with the addition of residues (urine + feces) promotes a greater macropore distribution, as observed by Souza et al. (2010a) . These changes improve the soil structure, leading to greater infiltration, aeration, and water storage (Franzluebbers et al., 2011) . When comparing the value of aggregate stability (mean of 0.2 m) in the year 2010/2011 with those in the year 2011/2012, a 15% increase is observed in the area with 0.35 m grazing height, and a 9% increase is verified in the nongrazed area. The higher-soil aggregate stability is a consequence of the organic matter increase (Jozefaciuk & Czachor, 2014) , both by the greater root development of the plants (Martins et al., 2015) and animal residues (feces and urine) that serve as readily-available food to soil microorganisms, which results in compounds that favor soil aggregation over time (Clegg, 2006; Martins et al., 2015) . In the present work, the presence of grazing animals did not reduce soil aggregation after two grazing seasons. The increase of soil aggregation was crucial for the soil functional capacity, as it provides physical stability.
The changes of soil penetration resistance (PR) between the studied seasons occurred only at 0.1-0.2 m soil depth, with lower values of PR in the soybean cultivation in 2011-2012 ( Table 2 ). The highest PR was observed in the grazing area (0.35 m height), in all layers, after soybean cultivation (2011/2012) , and up to 0.1 m soil depth, after grazing (2011/2012). After cultivation (post-brachiaria cultivation in 2011/2012), differences were detected for PR at 0-0.05 m soil Table 2 . Weighted mean diameter and soil penetration resistance, at different seasons, in an integrated croplivestock system (ICLS) and in a nongrazed area (NG) in the Cerrado biome 
1.69Aa 1.65Aa 1.75Aa NG 1.65Aa 1.38Bb 1.73Aa
(1) Means followed by equal letters, lowercase in the rows and uppercase in the columns, do not differ by the Tukey's test, at 5% probability. The penetration resistance at 2 MPa is usually used as a limiting value to root development (Lima et al., 2012) . However, studies have shown great variations in function of soil-water potential (Bengough et al., 2011) . Moraes et al. (2014b) evaluated a Rhodic Eutrudox in Southern Brazil, and confirmed PR at 2 MPa as an adequate value for conventional tillage systems, and PR at 3.5 MPa as an inadequate value for NTS. In fact, alterations up to 0.05 m soil depth have not reduced yield in the summer crop (Martins et al., 2015) .
After four years of soil mobilization, a highermicrobial biomass C and N, a higher ratio of microbial biomass C and of soil total organic C, and a lower-metabolic quotient in the grazed areas were observed than in the nongrazed area (Table 3) . Basal respiration showed no differences between soil management systems. These changes indicate a higher microorganism activity, as well as raw material availability, and favorable humidity and temperature conditions for the development of microorganisms in grazing areas, which, unlike this study, were observed in ICLS by Franzluebbers et al. (2007) and Clegg (2006) . Grazing animals may play an important role in microbial biomass due to several specific factors associated with the presence of cattle. Grazing animals add feces and urine to the soil, which change the rhizosphere exudation patterns, the botanical composition, and the soil structure and aeration owing to animals trampling (Clegg, 2006) . Cattle urine increases respiration, N 2 O and NO 2 emissions, and microbial biomass C (Lovell & Jarvis, 1996) .
The ratio of microbial biomass C and total organic C was higher in ICLS with grazing height between 0.25 and 0.45 m, both compared with the nongrazed area. The increase of the metabolic quotient indicates a reduction of the necessary energy for the maintenance of the metabolic activity, in relation to the required energy for the synthesis of the biomass. The higher value of the qCO 2 , in the present work, is indicative of a stress condition in the microbial activity (Anderson & Domsch, 1993) . Muniz et al. (2011) also observed that the replacement of degraded pastures by an ICLS increased the microbial population and decreased the environmental stress evaluated by the microbial biomass C and metabolic quotient, respectively. Moraes et al. (2014a) observed benefits of ICLS for soil biology, with an increase of the microbial activity at 0.2-0.3 m grazing height.
The evaluated attributes correlated to the weighted mean diameter of soil aggregates (WMD) ( Table 4) . The microbial biomass C and the metabolic quotient were strongly related to the WMD (Figure 1) . The positive quadratic relation of the microbial biomass C with the WMD may be associated with the protection of the organic matter in aggregates with higher WMD. Jiang et al. (2011) showed that the distribution pattern of microbial biomass C, associated with soil aggregates, was probably governed by the size of the aggregates, as observed in the present research (Figure 1 A) . The present work also corroborates Umer & Rajab (2012) , who stated that the microbial metabolic quotient was directly proportional to the decrease of soil aggregate stability (Figure 1 B) .
Season clustering analysis formed two large groups (group 1 consisted of the initial conditions in 2008/2009; group 2 consisted of all the other seasons) Table 3 . Microbial biomass carbon, microbial biomass nitrogen, basal respiration, metabolic quotient, and microbial quotient of a Rhodic Eutrudox, in an integrated crop-livestock system (ICLS) and in a nongrazed area (NG), in the Cerrado biome. Soil physical data collected in the post-brachiaria cultivation year 2011/2012 were grouped with a shorter Euclidean distance (25%), indicating similarity between treatments. These results reflect the implementation ICLS, by which the degraded area was recovered in the first two cycles (forage and soybean), both due to the presence of the animals and soil mobilization, and began to stabilize after the fourth harvest (postgrazing year 2011/2012). However, this result also indicates the importance of a continuous evaluation of the ICLS for the stress levels (animal trampling) that the system can withstand, mainly because the mobilized soil, associated to the high humidity, can favor soil compaction.
Conclusions
1. The integrated crop-livestock system with cattle grazing improves the soil physical properties, in comparison with the nongrazed areas, except for soil penetration resistance.
2. Soil aggregation, evaluated by the weighted mean diameter, is not altered by grazing, and correlates with the soil physical and biological properties.
3. The integrated crop-livestock system promotes the increase of the microbial biomass carbon and nitrogen, in comparison with the no-tillage system without animal grazing.
